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Description 



BICYCLE POWER SUPPLY WITH REDUCED 
BATTERY LEAKAGE 

Background of Invention 

[0001] The present invention is directed to bicycles and, more 
particularly, to a bicycle power supply with reduced bat- 
tery leakage. 

[0002] Some recent bicycles have been equipped with electroni- 
cally controllable electrical components such as de- 
railleurs, suspension devices, displays, etc., along with the 
electrical controllers for such components. A well-known 
example of this technology is an automatic bicycle trans- 
mission that uses a speed sensor to automatically change 
gears according to bicycle speed. In all cases, a power 
supply is required to supply electricity to the various elec- 
tronic components. Sometimes batteries are used for such 
power supplies. However, batteries need to be replaced 
when their electricity is consumed, and such replacement 
places undesirable burdens on the rider. Furthermore, the 



electrical components may suddenly stop operating when 
the batteries are depleted, which can be very problematic. 

[0003] To avoid the above problems, some systems use a 

rechargeable battery as the power supply, wherein the 
rechargeable battery may be recharged using an alternat- 
ing current generator mounted to the bicycle. Such a sys- 
tem is shown in JP 2001-245475. In this system, a recti- 
fier converts current from an alternating current generator 
to direct current, and the direct current is used to charge 
a capacitor that functions as a battery unit. The capacitor 
typically comprises an electrolytic or double layer capaci- 
tor with a relatively large power storing capacity. Power 
from the capacitor then may be used to operate the vari- 
ous electrical components mounted on the bicycle. 

[0004] In these systems, the microcomputers used to operate the 
various components typically include power conservation 
modes (e.g., SLEEP, HALT and STOP modes, etc.) in order 
to reduce electrical consumption during periods when the 
bicycle is parked, thereby prolonging the battery charge. 
However, even when operating in such modes, the micro- 
computer still consumes small amounts of electricity, and 
some electrical current leaks from the various electrical 
components connected to the microcomputer. This re- 



duces the effectiveness of the power conservation modes 
and hence reduces the charge life of the battery. 
Summary of Invention 

[0005] The present invention is directed to various features of a 
bicycle power supply. In one embodiment, a bicycle power 
supply apparatus comprises a battery unit for storing 
power from a power supply and for supplying power to 
electrical components; a power switch operatively coupled 
to the battery unit for selectively switching power from 
the battery unit to the electrical components; and a switch 
control unit that receives power from the power supply 
and controls the power switch according to the power re- 
ceived from the power supply. Additional inventive fea- 
tures will become apparent from the description below, 
and such features alone or in combination with the above 
features may form the basis of further inventions as re- 
cited in the claims and their equivalents. 
Brief Description of Drawings 

[0006] Fig. 1 is a side view of a bicycle that includes a particular 

embodiment of a power supply; 
[0007] Fig. 2 illustrates how a shift controller, a shift control unit, 

an alternating current generator and a transmission are 



coupled together; 
[0008] Fig. 3 is a side cross sectional view of the shift control 

unit shown in Fig. 2; 
[0009] Fig. 4 is a top cross sectional view of the shift control unit 

shown in Fig. 2; 
[0010] Fig. 5 is a perspective view of the shift controller; 

[0011] Fig. 6 is a schematic block diagram of the overall bicycle 

control system; 
[0012] Fig. 7 is a flowchart of a particular embodiment of an 

electrical supply routine; and 
[0013] Fig. 8 is flow chart of a particular embodiment of a main 

routine for the control unit. 
Detailed Description 

[0014] Fig. 1 is a side view of a bicycle 1 that includes a particu- 
lar embodiment of a power supply. Bicycle 1 is a light 
roadster recreational bicycle comprising a double-loop 
frame body 2 formed from welded tubes, a front fork 3 
mounted to the frame body 2 for rotation around an in- 
clined axis, a handlebar assembly 4, a drive component 5, 
a front wheel 6 on which an alternating current generating 
dynamo hub 8 with brakes is mounted, a rear wheel 7 on 
which an internal shifting hub 10 is mounted, a saddle 11, 



a shift control unit 12 to control shifting of the internal 
shifting hub 10, and a shift controller 20 for manually op- 
erating the shift control unit 12. 
[0015] The handlebar assembly 4 comprises a handle stem 14, 
fastened to the upper part of the front fork 3, and a han- 
dlebar 15 fastened to the handle stem 14. Brake levers 16 
and grips 17 are mounted on both ends of the handlebar 
15. In this embodiment, the shift controller 20 is inte- 
grated with the right-side brake lever 16. The drive com- 
ponent 5 comprises a crank 37, mounted on the lower 
part (bottom bracket component) of the frame body 2, 
and a chain 38 that engages the crank 37 and the internal 
shifting hub 10. The internal shifting hub 10 is capable of 
producing three speed steps, including a low speed step 
(speed 1), an intermediate speed step (speed 2), and a 
high speed step (speed 3). These three speed steps can be 
selected by means of a motor unit 29 (Fig. 3) in the shift 
control unit 12. The dynamo hub 8 of the front wheel 6 
can be fitted with a roller-type front brake, and it houses 
an alternating current generating dynamo (D) 19 (Fig. 6) 
that generates electricity in response to the rotation of the 
front wheel 6. As shown in Fig. 2, the shift control unit 12 
is electrically connected to the alternating current gener- 



ating dynamo 19 housed in the dynamo hub 8 by electri- 
cal wiring 40, and it is electrically connected to the shift 
controller 20 by electrical wiring 41. The shift control unit 
12 is mechanically connected to the internal shifting hub 
10 by a shift control cable 42. 

[0016] As shown in Figs. 3 and 4, the shift control unit 12 com- 
prises a headlight case 13 mounted to a headlight stay 3a 
located midway along the front fork 3 for housing a head- 
light 18. The motor unit 29 and a circuit unit 30 are 
housed in the headlight case 13. The motor unit 29 com- 
prises an electric shifting motor 45, a cable operating 
component 46 which moves into three shifting positions 
by means of the shifting motor 45, and a position sensor 
47 (Fig. 6) to detect the shift position of the cable operat- 
ing component 46. One end of the shift control cable 42 
is connected to this cable operating component 46. The 
circuit unit 30 comprises a control unit 25 (Fig. 6) con- 
taining a microcomputer comprising a CPU, RAM, ROM, 
and an I/O interface. 

[0017] As shown in Fig. 5, the shift controller 20 comprises two 
operating buttons 21 and 22 in the form of triangular 
pushbuttons disposed next to each other, an operating 
dial 23 disposed above the operating buttons 21 and 22, 



and a liquid crystal display device 24 disposed to the left 
of the operating dial 23 for displaying information such as 
current gear and speed. The operating button 21 on the 
left side may be used for manually shifting from the low 
speed step to the intermediate speed step and to the high 
speed step. The operating button 22 on the right side may 
be used for manually shifting from the high speed step to 
the intermediate speed step and to the low speed step. 
Operating buttons 21 and 22 also may be used to set lim- 
its on the gears that may be used. For example, the sys- 
tem may be set such that only the low and intermediate 
speeds may be used, only the intermediate and high 
speed ranges may be used, only the low speed range may 
be used, and so on. The operating dial 23 is used for 
switching between eight automatic shifting modes (Al - 
A8), using eight detent positions. The eight automatic 
shifting modes (Al - A8) are modes for automatically 
shifting the internal shifting hub 10 according to a bicycle 
speed signal derived from the alternating current generat- 
ing dynamo 19. The eight automatic shifting modes (Al - 
A8) are designed to allow shift timing (i.e., the threshold 
speed values at which shifting will occur) to be automati- 
cally changed during upshifting (shifting from low speed 



to high speed) or downshifting (shifting from high speed 
to low speed) to accommodate rider preference and phys- 
ical capability. 

[0018] Fig. 6 is a block diagram illustrating the structure of the 
overall bicycle control system. Control unit 25 is opera- 
tively coupled to a control switch 26 (which schematically 
represents the operating dial 23 and operating buttons 21 
and 22 in the shift controller 20); to the liquid crystal dis- 
play device 24; to a dynamo waveform forming circuit 34 
that generates a speed signal derived from the output of 
the alternating current generating dynamo 19; to a charg- 
ing rectification circuit 33; to a power storage element or 
battery unit 32 (e.g., a capacitor) through a power switch 
such as a voltage regulator 31; to a light sensor 36 
(illumination sensor); to an auto light circuit 35 for con- 
trolling the operation of headlight 18; to a motor driver 
28; to the position sensor 47 of the motor unit 29; and to 
a switch control unit 50. 

[0019] Control unit 25 is a programmed unit that automatically 
controls shifting of internal shifting hub 10 via motor 
driver 28 according to travel speed. Motor driver 28 oper- 
ates from current supplied by battery unit 32, and it con- 
trols the current supplied by the battery unit 32 to oper- 



ate shifting motor 45. A separate control unit (not sliown) 
uses information sent from control unit 25 to control liq- 
uid crystal display device 24 disposed in the shift con- 
troller 20. The control unit 25 also controls the headlight 
18 by turning it on when surrounding light conditions fall 
below a certain prescribed brightness, and by turning it 
off when surrounding light conditions are above the pre- 
scribed brightness. In this embodiment, control unit 25 
operates in either a normal mode or a power conservation 
mode. In power conservation mode, neither the liquid 
crystal display device 24 nor motor unit 29 is operated. 
[0020] Charging rectification circuit 33 comprises, for example, a 
half-wave rectifier circuit that rectifies an alternating cur- 
rent output from the alternating current generating dy- 
namo 19 to a direct current (for example) and supplies the 
direct current to battery unit 32. Battery unit 32 may com- 
prise, for example, a high-capacity capacitor (e.g., an 
electric double layer capacitor) that stores the direct cur- 
rent that is output from charging rectification circuit 33. 
One terminal of battery unit 32 is coupled between charg- 
ing rectification circuit 33 and regulator 31, and the other 
terminal of battery unit 32 is coupled to a ground poten- 
tial. The battery unit 32 also may comprise other capaci- 



tors, such as an electrolytic capacitor, or secondary bat- 
teries such as nickel cadmium batteries, lithium ion bat- 
teries, nickel-metal hydride batteries, etc., in lieu of a ca- 
pacitor. 

[0021] Battery replacement and recharging are unnecessary be- 
cause battery unit 32 stores electrical power from the al- 
ternating current generating dynamo 19, and components 
such as the control unit 25, motor driver 28 and motor 
unit 29 are operated using this electrical power. Monitor- 
ing remaining battery power and carrying along spare 
batteries also become unnecessary, and shifting can be 
done automatically without performing the cumbersome 
procedures required by conventional power sources. The 
electrical power from the alternating current generating 
dynamo 19, which conventionally is not employed in the 
daytime, can be put to effective use in the shift control 
unit 12. 

[0022] Regulator 31 is coupled between battery unit 32 and 

charging rectification circuit 33 on one side and control 
unit 25 and motor driver 28 on the other side. Regulator 
31 may comprise switching elements such as field effect 
transistors (FET's), etc. to selectively disconnect battery 
unit 32 from control unit 25 and motor driver 28 when the 



bicycle is in a parlced condition or wlien control unit 25 
otherwise operates in power conservation mode. More 
specifically, regulator 31 is turned on when signals higher 
than a predetermined voltage level are input, and regula- 
tor 31 is turned off when signals lower than the predeter- 
mined voltage level of voltage are input. In this embodi- 
ment, regulator 31 is turned on and off by means of sig- 
nals sent from switch control unit 50 (which functions as a 
first switch control unit), as well as by signals sent from 
control unit 25 (which functions as a second switch con- 
trol unit). As a result, battery voltage may be preserved 
even more reliably when control unit 25 operates in power 
conservation mode as discussed in more detail below. 
[0023] Switch control unit 50 comprises a diode 51 and a capaci- 
tor 52, wherein the anode of diode 51 is coupled to alter- 
nating current generating dynamo 19 prior to charge rec- 
tification circuit 33, and the cathode of diode 51 is cou- 
pled to a first terminal of capacitor 52. Thus, diode 51 is 
connected to alternating current generating dynamo 19 
parallel with charging rectification circuit 33. Diode 51 
performs half-wave rectification of the signals from alter- 
nating current generating dynamo 19 to supply direct 
current to capacitor 52. A second terminal of capacitor 52 



is coupled to a ground potential. Capacitor 52 may com- 
prise an electrolytic capacitor that smoothes the output 
from diode 51. The first terminal of capacitor 52 is con- 
nected to regulator 31 and supplies a voltage signal to 
regulator 31 based on the amount of direct current re- 
ceived from diode 51. This voltage signal turns regulator 
31 on and off depending on the voltage value. 
[0024] Control unit 25 also is coupled to regulator 31 for turning 
regulator 31 on and off. A diode 53 is coupled on the sig- 
nal line between control unit 25 on one side and regulator 
31 and capacitor 52 of switch control unit 50 on the other 
side to prevent reverse current flow between these com- 
ponents. 

[0025] As a result of the foregoing structures, switch control unit 
50 turns regulator 31 on and off using electricity directly 
supplied from alternating current generating dynamo 19. 
Thus, when the bicycle is running, the voltage of capacitor 
52 rises sufficiently to turn on regulator 31, and when the 
bicycle is stopped, the voltage of capacitor 52 falls until it 
turns off regulator 31. On the other hand, control unit 25 
can turn regulator 31 on and off separately from switch 
control unit 50. For example, when the bicycle is stopped 
only for a short period of time due to traffic signals or for 



some other reason, or when the running speed decreases, 
control unit 25 may provide a signal to keep regulator 31 
turned on even when the voltage of capacitor 52 falls be- 
low the turn off voltage of regulator 31. Conversely, con- 
trol unit 25 may provide a signal to turn off regulator 31 
even when regulator 31 ordinarily would be switched on 
by capacitor 52. 

[0026] jhe dynamo waveform forming circuit 34 forms a speed 
signal from the alternating current output from the alter- 
nating current generating dynamo 19. More specifically, a 
half-cycle is extracted from a sine wave alternating cur- 
rent signal, passed through a Schmitt circuit or other ap- 
propriate waveform forming circuit, and formed into a 
pulse signal corresponding to speed. Control unit 25 uses 
this signal to calculate speed and distance and to control 
the automatic shifting of the internal shifting hub 10 
without requiring a separate speed sensor. Control unit 25 
also uses this signal to determine whether the bicycle is in 
a stopped condition for a predetermined time interval 
(e.g., 15 minutes) using a motion sensor 27, which pay be 
a program running within control unit 25. 

[0027] The auto light circuit 35 supplies or interrupts, for exam- 
ple, a lA current output from the alternating current gen- 



erating dynamo 19 to the headlight 18 in response to on/ 
off signal output from the control unit 25. Control unit 25 
generates these signal based on the signals from the light 
sensor 36 in such a manner that the headlight 18 is 
switched on automatically when light levels fall below a 
prescribed limit, and it is switched off when light levels 
exceed the prescribed limit. In this embodiment, headlight 
18 is operated from the alternating current generating dy- 
namo 19 so that the current draw is less apt to adversely 
affect the battery unit 32, but this is not necessary. 
[0028] Bicycle speed is detected based on the alternating current 
signal output from the alternating current generating dy- 
namo 19, and shifting is controlled according to the de- 
tected bicycle speed and the selected shifting mode. Be- 
cause alternating current generating dynamos generally 
have a plurality of circumferentially disposed magnetic 
poles, the alternating current generating dynamo 19 out- 
puts an alternating current signal with a frequency related 
to the bicycle speed and the number of magnetic poles. 
Consequently, it is possible to obtain a larger number of 
signal pulses from the alternating current signal during 
each wheel rotation in comparison with a speed signal ob- 
tainable, for example, from a conventional speed sensor 



that detects a magnet mounted to the bicycle wheel. 
Therefore, the bicycle speed can be accurately detected 
within the space of one wheel rotation, and shifting can be 
controlled in real time with high precision. Furthermore, 
since shifting is controlled based on the alternating cur- 
rent signal from the alternating current generating dy- 
namo 19, it is no longer necessary to dispose the shift 
control unit 12 in the vicinity of the bicycle wheel. No lim- 
itation is placed on the mounting position of the shift 
control unit 12. 

[0029] The overall switching operation may be understood by re- 
ferring to the flow chart shown in Fig. 7. When the bicycle 
is running, battery unit 32 is charged and switch control 
unit 50 provides a signal for turning on regulator 31 in 
Step SI using electricity received from alternating current 
generating dynamo 19 and stored in capacitor 52. Control 
unit 25 then determines in Step S2 using motion sensor 
27 whether or not the bicycle is in a stopped condition for 
a predetermined period of time. If so, then control unit 25 
provides a signal for turning off regulator 31 in Step S3. 
Otherwise, control unit 25 provides a signal for turning on 
regulator 31 in Step S4. 

[0030] More detailed operation of control unit 25 may be under- 



stood from the flow chart shown in Fig. 8. When the bicy- 
cle begins running, battery unit 32 is charged from the 
signals received from alternating current generating dy- 
namo 19 through charging rectification circuit 33. When 
the voltage of battery unit 32 reaches a predetermined 
level, control unit 25 begins operation and performs an 
initialization operation in Step Sll. For example, the sys- 
tem may be set to a normal mode of operation, and the 
shift mode may be set as selected by operating dial 23. 
[0031] In Step S12, a timer that determines the per-cycle opera- 
tion time of the microcomputer is started. In Step S13, 
various types of data processing are conducted. Such data 
processing may include the calculation of speed, distance, 
etc., based on the pulse signals received from dynamo 
waveform forming circuit 34. In Step S14, a gear shift 
controlling operation is performed. In this operation, con- 
trol unit 25 automatically controls motor 45 in motor unit 
29, to place internal shifting hub 10 in the appropriate 
gear, based on bicycle speed. Alternatively, internal shift- 
ing hub 10 may be commanded to upshift or downshift to 
an appropriate gear by pressing operating buttons 21 and 
22. 

[0032] In Step S15, control unit 25 determines whether or not the 



bicycle is in a parked condition. In this embodiment, tlie 
bicycle is considered to be in a parked condition when 
pulse signals are not received from dynamo waveform 
forming circuit 34 for more than a predetermined time in- 
terval, such as 15 minutes. If the bicycle is not in a parked 
condition, then control unit 25 provides a signal (e.g., a 
signal greater than 3 Volts) for turning on regulator 31 in 
Step S16, even if switch control unit 50 provides a signal 
that ordinarily would turn off regulator 31 at this time. On 
the other hand, if control unit 25 determines that the bi- 
cycle is in a parked condition, then control unit 25 pro- 
vides a signal (e.g., a signal less than 3 Volts) for turning 
off regulator 31 in Step 17. This, in turn, disconnects 
power to control unit 25 and motor driver 28, thus greatly 
minimizing power loss from battery unit. Control unit 25 
then resets and stops operating. Since 15 minutes elapses 
before system shutoff, control unit 25 may access mem- 
ory and complete other operations safely before reset. 
Also, control unit 25 may allow for shutoff before the 
voltage in battery unit 32 drops to an unreliable level. This 
also provides for more reliable startup when the bicycle 
resumes running. 
[0033] In any event, other operations are performed in Step S18 



(after power resumes, if necessary). Such operations may 
include displaying selected information on liquid crystal 
display 24, controlling the operation of the lamp 18, and 
controlling the operation of charging rectification circuit 
33. In Step S19, the timer started in Step S12 awaits the 
end of the processing cycle, whereupon the process re- 
turns to Step S2. 

[0034] While the above is a description of various embodiments 
of the present invention, further modifications may be 
employed without departing from the spirit and scope of 
the present invention. For example, while alternating cur- 
rent generating dynamo 19 was used as the power supply 
that charged battery unit 32 in the above embodiment, 
the teachings herein also may be applied to devices that 
uses direct voltage sources such as batteries and direct 
current generators. 

[0035] In the above described embodiment, regulator 31 is 

turned off during times when the bicycle is parked, which 
is considered a stopped condition of more than a prede- 
termined amount of time. However, regulator 31 can be 
turned off based on other criteria and/or during stopped 
condition times other than for parking. 

[0036] In the above described embodiment, regulator 31 is 



turned off during parking conditions by means of control 
unit 25. However, regulator 31 could be turned on and off 
to accommodate such conditions by means of switch con- 
trol unit 50. In this case, capacitor 52 could be structured 
in such a way that it has sufficient capacity to maintain 
regulator 31 turned on for 5 to 15 minutes after alternat- 
ing current generating dynamo 19 stops generating elec- 
tricity. In this case, the timing for turning on regulator 31 
might also be delayed while capacitor 52 subsequently 
charges up, but the structure is simplified. 
[0037] The size, shape, location or orientation of the various 
components may be changed as desired. Components 
that are shown directly connected or contacting each 
other may have intermediate structures disposed between 
them. The functions of one element may be performed by 
two, and vice versa. The structures and functions of one 
embodiment may be adopted in another embodiment. It is 
not necessary for all advantages to be present in a partic- 
ular embodiment at the same time. Every feature that is 
unique from the prior art, alone or in combination with 
other features, also should be considered a separate de- 
scription of further inventions by the applicant, including 
the structural and/or functional concepts embodied by 



such feature(s). Thus, the scope of the invention should 
not be limited by the specific structures disclosed or the 
apparent initial focus on a particular structure or feature. 



